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7KLVSDSHUSUHVHQWV WKHPRQLWRULQJDQGFRQWURO SURFHVVHVDVDQLPSRUWDQW SDUW RIDUHQHZDEOHHQHUJ\PDQDJHPHQWV\VWHP7KH
PDLQ SXUSRVHRIWKHZRUNLVWREXLOGDPDQDJHPHQWV\VWHPIRUDFRPPHUFLDOFRQVXPHUK\GURSRQLFJUHHQKRXVHWKDWXVHV VRODU
DQGELRPDVVHQHUJ\DQGWRSUHVHQWWKHPRQLWRULQJDQGFRQWUROSURFHVVHVRI WKLV V\VWHP 7KHSURSRVHG PHWKRGLVWRXVHDPLFUR
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SURFHVVWRWKHWHFKQRORJLFDOIOX[7KHPRQLWRULQJDQGFRQWUROSURFHVVHVDUHLPSOHPHQWHG ORFDOO\ZLWK 86%6HULDOFRQQHFWLRQV WR
D 3& RU IURP D ZHE DSSOLFDWLRQ 7KLV DSSURDFK OHDGV WR DQ HDV\ PDQDJHPHQW RI QHZ RU H[LVWLQJ V\VWHPV E\ IROORZLQJ DQG
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 ,QWURGXFWLRQ
,QWKHILHOGRIUHQHZDEOHHQHUJ\PDQDJHPHQW VRPHWRROVDQGFRPSRQHQWVDUH QHFHVVDU\ LQRUGHUWRGHWHUPLQH WKH
RYHUDOOPDQDJHPHQW RIDV\VWHP WRZRUNDQGUXQSURSHUO\7KHPDLQLGHDRIWKH SDSHULVWRSUHVHQWWKH PHWKRGRORJ\
DQGLPSOHPHQWDWLRQ RI WKH PRQLWRULQJ >@ DQGFRQWURO SURFHVVHVRI DQ HOHFWULFDOFRPPHUFLDOFRQVXPHUV\VWHP WKDW
XVHV UHQHZDEOH HQHUJ\ VRXUFHV >@ LQ DQ RII JULG SRZHU QHWZRUN FRQILJXUDWLRQ 7KH PRVW LPSRUWDQW SDUW LQ
GHYHORSLQJ D PDQDJHPHQW V\VWHP LV UHSUHVHQWHG E\ WKH LQIRUPDWLRQ JDWKHULQJ DERXW WKH H[LVWLQJ DQG RQJRLQJ
V\VWHP7RVWXG\DQGPRGHOWKH PDQDJHPHQW V\VWHP RIDSRZHUFRQVXPHU ZLWKDGHILQHGWHFKQRORJLFDOSURFHVV WKH
SRZHU FRQVXPSWLRQ RI WKH WHFKQRORJLFDO SURFHVV LV QHHGHG 7KLV UHTXHVWHG SRZHU GHSHQGV RQ WKH WHFKQRORJLFDO
SURFHVVOHYHOVDQGRQ WKH5(6DYDLODELOLW\
7KH PDLQ SUREOHPV DUH UHSUHVHQWHG E\ WKH GLYHUVLW\ RI WKH PXOWLSOH W\SHV RI QHHGHG LQIRUPDWLRQ HOHFWULFDO
SDUDPHWHUV VXFKDV FXUUHQW YROWDJHEDWWHU\ VWDWH39 SDUDPHWHUVHWF DQG WHFKQRORJLFDOSDUDPHWHUVRI WKH SRZHU
FRQVXPHUV\VWHPVXFKDVWHPSHUDWXUHOLJKWOHYHOKXPLGLW\HWFSURFHVVLQJ GLIIHUHQW GDWDIURP GLIIHUHQW VHQVRUV RU
IURP RWKHU VRXUFHV E\ WKH GDWD XVHG ORFDOO\ RU UHPRWH WR WKH PRQLWRU WKH V\VWHP DQG WR FRQWURO WKH KDUGZDUH
HTXLSPHQWV HOHFWULFDOFRQVXPHUV IRUWHFKQRORJLFDOSURFHVV DQG E\ WKH39V\VWHPEDWWHU\PDQDJHPHQW >@
7KH SURSRVHG VROXWLRQ WR VROYH WKH DERYH LVVXHV LV UHSUHVHQWHG E\ WKH XVH RI D GHGLFDWHG HPEHGGHG
PLFURFRQWUROOHU V\VWHP7KH V\VWHPLVFRPSRVHGE\ RQHRU E\ PXOWLSOH PLFURFRQWUROOHUVIRUWKHHQWLUH KDUGZDUHDQG
VRIWZDUH V\VWHPPDQDJHPHQW 7KHHOHFWULFDOPHDVXUHPHQWV DQG WKHLQIRUPDWLRQ JDWKHULQJ LVSHUIRUPHGE\ XVLQJWKH
DQDORJLQSXWSRUWV IRUWKHPRQLWRUHGSDUDPHWHUVDQGWKHFRQWURORI WKHHOHFWULFDO FRQVXPHUVDQGEDWWHU\FKDUJLQJLV
SHUIRUPHGE\ XVLQJWKHGLJLWDODQGDQDORJ3:0ZDYHRXWSXWVIRUGULYLQJSRZHUHOHFWURQLFVOLNHKLJKSRZHUUHOD\V
DQG 026)(7V 7KH XVHG PHWKRGV DQG HTXLSPHQWV DUH D PLFURFRQWUROOHU GHYHORSPHQW ERDUG $7PHJD
GHGLFDWHGVHQVRUVIRUPHDVXULQJWKHV\VWHPSDUDPHWHUV DQ FRPPXQLFDWLRQ(WKHUQHWVKLHOGIRUWKHZHEVHUYHUKRVWHG
DQG JHQHUDWHG E\ WKH PLFURFRQWUROOHU D KWPO W\SH ZHE DSSOLFDWLRQ ZLWK WKH SXUSRVH RI LOOXVWUDWLQJ WKH PHDVXUHG
YROWDJHDPSHUDJH WKH SRZHUFRQVXPSWLRQDQG WKH39FKDUJHUVWDWH LQUHDO WLPH DQGWKHSURSHUW\WR VZLWFKRQRII
HOHFWULFDOORDGVIURPWKHGLVWDQFH
 (OHFWULFDOV\VWHPPRQLWRULQJDQGFRQWUROHTXLSPHQWV RYHUYLHZ
7KH FRPPHUFLDO FRQVXPHU V\VWHP LV UHSUHVHQWHG E\ D K\GURSRQLF JUHHQKRXVH SRZHUHG RQO\ E\ UHQHZDEOH
HQHUJ\7KH FRQVXPHULV RII JULGDQG WKHRQO\ YLDEOH VROXWLRQ WRSRZHUWKHFRQVXPHUVZDV WRILQGVXLWDEOHUHQHZDEOH
HQHUJ\VRXUFHVIRUERWKHOHFWULFDODQGKHDW QHFHVVLWLHV7KH HOHFWULFDOV\VWHPLVPDLQO\EDVHG RQD'&QHWZRUN IRU
VDIHW\DQGRWKHU WHFKQRORJLFDO UHDVRQV 39V\VWHP >@ LVXVHG WR SRZHU WKHHOHFWULFDOFRQVXPHUVDQGDOVR EDWWHU\
EDQNV IRU WKHHQHUJ\ VWRUDJH DUHFRQVLGHUHG >@7KH39EDWWHU\FRQVXPHUPDQDJHPHQW >@ VROXWLRQ LV GHWDLOHG LQ
FKDSWHURI WKH SDSHU $VPHQWLRQHGEHIRUH WKHSURSRVHGDSSURDFK WR VROYHDQXPEHURI WDVNV VXFKDV HOHFWULFDO
PHDVXUHPHQWV LV WRXVHDPLFURFRQWUROOHU GHYHORSPHQWERDUG 7KHPDLQUHDVRQLVWRH[SHULPHQWPRGLI\ DQGLPSURYH
WKHH[LVWLQJHOHFWULFFLUFXLW7KHGHYHORSPHQWERDUGXVHGLQWKHH[SHULPHQWVLV DQ $UGXLQRERDUGZLWK D $7PHJD
PLFURFRQWUROOHU 7KHPDLQDGYDQWDJHVRIWKH $UGXLQR ERDUGDUHUHSUHVHQWHGE\ WKH WHVWHGDQGUHOLDEOHFRQVWUXFWLRQ
ZLWK VWDQGDUG SLQ LQRXW FRQILJXUDWLRQ FRPPXQLFDWLRQ WKURXJK 86% KLV RZQ ERRW ORDGHU DQG WKH $UGXLQR ,'(
SURJUDPPLQJVRIWZDUH >@%HVLGHRI WKHVHFKDUDFWHULVWLFVLWDOVR KDV DODUJHUDQJHRIFRPSDWLEOH PRGXOHVVHQVRUV
GLVSOD\V KLJK SRZHU VKLHOGV IRU HOHFWULF PRWRUV ZLUHG DQGZLUHOHVV FRPPXQLFDWLRQ VKLHOGV DQG DV D VXSSRUW IRU
KDUGZDUHDQGVRIWZDUHLWKDVDFRPPXQLW\IRUXP7KHHOHFWULFDOFLUFXLWLVEXLOWDURXQGWKLV GHYHORSPHQWERDUGXVLQJ
EUHDGERDUGV ZKHUH WKH GLIIHUHQW NLQG RI VHQVRUV DQG VHFRQGDU\ HOHFWULFDO FLUFXLWV DUH SODFHG 7KH EUHDGERDUG
FRQWDLQVWKH'&VHQVRUWKH$&6LQWHJUDWHGFLUFXLWVHH)LJWKH+DOOHIIHFWEDVHGVHQVRUWKHUHVLVWLYHYROWDJH
GLYLGHUFLUFXLWIRUWKHYROWDJHPHDVXUHPHQWFLUFXLWDQGWKHSRZHUHOHFWURQLFVIRUWKH39EDWWHU\FKDUJLQJDQGDOVRWKH
HOHFWULFDO ORDG FRQWUROOHU FLUFXLW >@ 7KH FRPPXQLFDWLRQZLWK WKH QHWZRUN LV UHDOL]HG WKURXJK WKH(WKHUQHW VKLHOG
PRGXOH VHH )LJ  FRPSDWLEOH ZLWK WKH $UGXLQR GHYHORSPHQW ERDUG DQG LW KDV D GHGLFDWHG OLEUDU\ ZLWK WKH
FRPPXQLFDWLRQ IXQFWLRQV LQ WKH ,'( >@ 7KH (WKHUQHW VKLHOG LV D PRGXODU GHYLFH WKDW FDQ EH DWWDFKHG RQ WKH
GHYHORSPHQWERDUG,QWKLVFDVHWKH(WKHUQHWVKLHOGFRQQHFWVWRDURXWHUDQGLW LVSURJUDPPHGLQWKHKHDGHUILOHWR
KDYHDORFDO,3DGGUHVVDQGDXQLTXH0$&DGGUHVVRQWKHQHWZRUN >@7KHZHEDSSOLFDWLRQLVDJHQHUDWHG+70/
VFULSWZKLFKRIIHUVWKHLQIRUPDWLRQXQGHUD+70/SDJHDQGDVWKHFRQWURORYHUWKHLQWHUQHWIRUGLIIHUHQWHOHFWULFDO
ORDGVDQDGGUHVVVWULQJUHDGPHWKRGLVXVHG
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)LJ  6FKHPDWLFVRIWKHFXUUHQWDQGYROWDJHPHDVXUHPHQWVZLWKWKH$UGXLQR $7PHJD GHYHORSPHQWERDUG
)LJ (WKHUQHWVKLHOG : DQG$UGXLQRFRQQHFWLRQVFKHPDWLF
 0RQLWRULQJDQG FRQWUROSURFHVVHVLPSOHPHQWDWLRQ
7KH SUHVHQWHG HOHFWULFDO VFKHPHV DUH FRQFHLYHG LQ WKH UDQJH RI ORZ YROWDJH DQG FXUUHQWV 7KH FLUFXLWV ZHUH
LPSOHPHQWHG IRUVWXG\DQGH[SHULPHQWDOSXUSRVHVDQGLW UHSUHVHQWV UHDOSK\VLFDOPRGHOVRQO\LQORZSRZHUHGVFDOH
$VVHHQLQ)LJWKH VFKHPDWLFRIWKHHOHFWULFFLUFXLWIRUWKHPRQLWRULQJDQGFRQWUROSURFHVVHVWKDWFRQWDLQVWKH
39SDQHO9DVDSRZHUVRXUFHWKHFDSDFLWRUILOWHUWKHYROWDJHPHDVXUHPHQWSRLQWIRUWKH39SDQHOEHHLQJWKH$
DQDORJ LQSXWSRUWRI WKH PLFURFRQWUROOHUZKHUH WKHDQDORJPHDVXUHPHQWVKDYHDELW UHVROXWLRQRQ WKH
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DQDORJ LQSXW SRUW IURP D 9 UDQJH LV SUHVHQWHG 7KH XVHG IXQFWLRQ WR UHDG WKH DQDORJ PHDVXUHPHQWV LV
DQDORJ5HDG$ $QRWKHU LPSRUWDQW SDUWRI WKHFLUFXLW LV WKHEDWWHU\D9/L3RZLWK LQWHUQDO OLPLWHU DQG FKDUJH
FRQWUROOHU7KHEDWWHU\YROWDJHDQGWKHFKDUJLQJOHYHODUH PRQLWRUHGWKURXJKWKH$SRLQW
7KH4026)(7WUDQVLVWRUUHSUHVHQWV WKHFKDUJHFRQWUROOHUIRUWKHEDWWHU\,WLVD3FKDQQHOWUDQVLVWRUDQGLWDFWV
OLNH D KLJKVLGHVZLWFK7KH4WUDQVLVWRUGULYHULVWKH4131JHQHUDOSXUSRVHWUDQVLVWRUZLWKWKHEDVHFRPPDQGHG
WKURXJK 'FRQQHFWHGWRD GLJLWDOSLQ7KHFRQWUROFDQEHWKH212))W\SHRU3:0 VLJQDOELWWKURXJK WKHGLJLWDO
RQO\3:0SLQSRUWV RXWSXWIXQFWLRQ DQDORJ:ULWH' GHSHQGLQJE\ WKH39SDQHOYROWDJHUHDGLQJDQGWKHEDWWHU\
GLVFKDUJHOHYHO,IWKHEDWWHU\LVGLVFKDUJHGEHORZDFHUWDLQDGPLVVLEOHOHYHO IRU H[DPSOH DW 9ZKHUHWKHQRPLQDO
YROWDJHLV9DQGWKHPD[LPXPFKDUJHGOHYHOLV 9DQGWKH VRODUSRZHU LVDYDLODEOHZKLFKPHDQVWKDWWKH39
SDQHOJHQHUDWHV DURXQG9WKHQWKHJDWHRIWKH4LVVZLWFKHGRQ WRRSHQDQGFKDUJHWKHEDWWHU\
7KHDFWXDOVZLWFKLQJFDQEHWKH212))W\SHRIVZLWFKLQJZKHUHWKHJDWHLVRSHQXQWLOWKHEDWWHU\LVFKDUJHGRU
39SDQHOYROWDJHGURSVRULWFDQEHFRQWUROOHGLQ3:0ZLWKWKHDQDORJ:ULWHIXQFWLRQZKLFKKDVDVFDOHRI
YDOXHV ZKHUH WKH  YDOXH LV WKH  GXW\ F\FOH :KHQ IXOO FKDUJLQJ VSHF LV DYDLODEOH WKH GXW\ F\FOH LV VHW
DURXQGDQGLWLVLQIXQFWLRQZLWKWKHDFWXDO EDWWHU\ FRQILJXUDWLRQ 7KHEDWWHU\VXSSOLHVSRZHUWR WKHHOHFWULFDO
FRQVXPHUVHH )LJUHSUHVHQWHGDVD'&PRWRU7KH HQHUJ\PHWHULQJLVLQWKHIURQWRIWKHHOHFWULFDOFRQVXPHULQ
WKLV FDVH LQ IURQW RI WKH'&PRWRU 7KH HQHUJ\PHWHULQJ VHFWLRQ LV UHSUHVHQWHG E\ WKH+DOO HIIHFW FXUUHQW VHQVRU
$&67KH FXUUHQW VHQVRU KDV D VHQVLWLYLW\ RI P9$ DQG D UDQJHPHDVXULQJ RI $7KH VHQVRU RXWSXW LV
FRQQHFWHGWRWKH$DQDORJLQSXW
7KH PLFURFRQWUROOHU HQHUJ\ PHDVXUHPHQW LQYROYHV FRPSRQHQWV VXFK DV WLPH FXUUHQW DQG YROWDJH 7KH WLPH
PHDVXUHPHQW LV SHUIRUPHG ZLWK WKH PLOOLV IXQFWLRQ DQG FRQYHUWHG LQ VHFRQGV 7KH RWKHU WZR SDUDPHWHUV WKH
YROWDJHDQGFXUUHQWDUHREWDLQHGE\WKH DQDORJUHDGLQJRI VDPSOHVRYHUVHFRQGVDQG WKHQ DQDYHUDJHYDOXHLV
FDOFXODWHG 7KH WRWDO FXUUHQW LV LQFUHPHQWHG DV WKH WRWDO FXUUHQW DQG WKH DFWXDO FXUUHQW UHDGLQJV VXP :LWK WKH
REWDLQHGYDOXHVWKHHQHUJ\LVWKHSURGXFWRIWKHFXUUHQWUHDGLQJDQGYROWDJHLQWLPH
7RFRQWUROWKHHOHFWULFDOORDG DQ 1FKDQQHO026)(7ZDVDGGHG LQWRWKHFLUFXLW7KHWUDQVLVWRU4LVDORZVLGH
VZLWFKZLWKWKHJDWH FRQWUROOHGE\WKHGLJLWDORXWSXW'WKURXJKDUHVLVWRU7KLVSDUWRIWKHFLUFXLWLVLPSRUWDQWIRUWKH
ORDGZKLFKLVGLVFRQQHFWHGLI WKHEDWWHU\GLVFKDUJHV EH\RQGWKHPLQLPDOOHYHO 7KHPLFURFRQWUROOHUDOVRWUDQVPLWVWKH
YDOXHV WKH FKDUJLQJ VWDWH DQG WKH FRQVXPHU FRQQHFWLYLW\ WR WKH EDWWHU\ WKURXJK VHULDO GDWD PRQLWRU XVHG IRU
GHEXJJLQJDQGORFDOPRQLWRULQJDQGWRDZHEDSSOLFDWLRQRYHUWKHQHWZRUN
)LJ  6FKHPDWLFRIWKHFLUFXLWIRUPRQLWRULQJDQGFRQWURORIWKH HOHFWULFDOORDGV
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 5HVXOWV
)LJSUHVHQWVWKHH[SHULPHQWDOZRUNVWDWLRQEXLOW IRUWKH V\VWHPVWXG\DQGWHVWLQJ ,QWKLVSKDVH WKHPRQLWRULQJ
DQGFRQWUROOLQJSURFHVV DUHGRQHE\D ZHEDSSOLFDWLRQSUHVHQWHGLQ )LJ
)LJ ([SHULPHQWDOVWDQG FRQWDLQLQJWKHPLFURFRQWUROOHUERDUG WKH(WKHUQHWVKLHOG
WKH39SDQHODQGWKHEUHDGERDUGVZLWKSRZHUHOHFWURQLFFRPSRQHQWVDQGVHQVRUV
)LJ  :HEDSSOLFDWLRQSUHVHQWHGLQLQWHUQHWEURZVHU
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7KHZHE DSSOLFDWLRQ FDQEH DFFHVVHG LQ WKH ORFDO QHWZRUNE\ W\SLQJ WKH DGGUHVVJLYHQ LQ WKH VRIWZDUH ,Q WKLV
H[DPSOHWKHDGGUHVVLV  DQGLWFDQ EHDFFHVVHGIURPWKHLQWHUQHW WKURXJKDSRUW QHHGHGIRUWKHORFDO
DGGUHVV LQ WKH URXWHU WR REWDLQ WKH:$1 ,3 DGGUHVV )RU H[DPSOH LQ WKH ;; DGGUHVV WKH ODVW ILYH
GLJLWVUHSUHVHQW WKHRSHQSRUWIRUWKHLQWHUQDODGGUHVV7KH VHTXHQFH "/  DWWKHHQGRIWKHDGGUHVVUHSUHVHQWV WKH
VWULQJWKDWFRQWUROV WKH/VZLWFKLQWKHSURJUDPLQWKLVFDVHDGLJLWDORXWSXWDQGD/('IRUWHVWLQJ7KHDSSOLFDWLRQ
UHDGVWKHVWULQJDQGWKHQ H[HFXWHVWKHWDVN /  PHDQVWKDWWKHRXWSXWLVORZDQG / WKHRXWSXWLV DWD KLJK YDOXH
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